ABSTRACT
INTRODUCTION
Lapachol is a naphthoquinone [2-hydroxy-3-(3-methyl-2-butenyl-)-1,4-naphthoquinone], extracted from the bark of various plant species of the genus Tabebuia (family Bignoneaceae) Rao, 1974; Linardi et al., 1975; Saizarbitoria et al., 1997; Kumagai et al., 1998; Knecht et al., 2000) . Among them, Tabebuia ochracea, which is known in Brazil as 'ipê amarelo' is largely distributed in the country, being found from the Amazon to the Paraná state (Gentry, 1992) . A large number of therapeutic activities have been attributed to lapachol and its derivatives such as prevention against Schistosoma mansoni cercarial skin penetration (Austin, 1974; Pinto et al., 1977) , was effective against Biomphalaria glabrata (Santos et al., 2000; Lima et al., 2002; Silva et al., 2005) , bacteria and fungi (Guiraud et al., 1994; Binutu et al., 1996; Rothery et al., 1998) ; virus (Lagrota et al., 1987; Sacau et al., 2003) , Trypanosoma cruzi (Austin, 1974; Lopes et al., 1978; Pinto et al., 1987; Chiari et al., 1991; Duarte et al., 2000) and showed antimalarial activity (Andrade-Neto et al., 2004) involving the erythrocytic stages of Plasmodium falciparum (Carvalho et al., 1998) . It also has antiinflammatory (Duarte et al., 2000 , Almeida, 1990 , analgesic (Grazziotin et al., 1992) , antipsoriatic (Muller et al., 1999) , and antineoplasic activities (Santana et al., 1968 , Morrison et al., 1970 , Rao, 1974 Linardi et al., 1975; Saizarbitoria et al., 1997 , Duarte et al., 2000 , Sieber et al., 1976 Hodnett et al., 1983; Houghton et al., 1994; Almeida et al., 1988; Balassiano et al., 2005) . On the general toxicology of lapachol, Santana et al. (1968) and Morrison et al. (1970) have established the LD-50 of this drug in mice and rats. It is known that when administered to pregnant rats during the fetogenesis period, lapachol is fetotoxic leading to fetal growth retardation (Felício et al., 2002) . Results on the developmental toxicology of lapachol are controversial. Almeida et al. (1999) , observed that female rats treated with 100mg of lapachol/kg body weight from 1 st to the 5 th post insemination day (PID) had 100% resorption rate in rats killed at 21 st pregnancy day, but other observations with the administration of 100mg of lapachol/kg body weight from PID-3 to PID-5 did not show alteration in the implantation index and did not increase the number of resorptions in rats (Almeida et al., 1999) . In order to understand the effect of lapachol on the early development of the rat embryo, in the present study rats were treated during the first seven days of pregnancy and the embryo development was investigated.
MATERIALS AND METHODS

Plant material
Lapachol, obtained from Tabebuia ochracea was purchased from PVP Pharmaceutic Laboratory (Piauí state, Brazil) with 63% purity, and then processed by the Quality Control Lab. from Faculdade de Farmácia e Bioquímica, Universidade Federal de Juiz de Fora (UFJF), where 98% purity was obtained.
Animals
Three-month-old female Wistar rats, weighing 175±10 g, were obtained from the vivarium of the Centro de Biologia da Reprodução (UFJF), where they were born and reared according to previously described procedures (Guerra et al., 2001; Guerra et al., 1999) . Females were inseminated by males of proven fertility, and the presence of spermatozoa in the vaginal smear was considered as the first day pos insemination (PID).
Test protocol
Pregnant rats were treated from the first to the fourth PID and to evaluate the implantation period, from PID-5 to PID-7. Dose: 100mg of lapachol/kg of body weight (L-100), via oral gavage/once a day. Lapachol was solved in hydroalcoholic solution (50% alcohol:50% water). Experimental groups: 10 animals per group. Control -C (1mL of distilled water); Vehicle -V (1mL of hydroalcoholic solution); Lapachol -100 (L-100). Pregnant rats were weighed on the first day of pregnancy at the beginning and end of the treatment, and on the euthanasia day. During the experiment, mothers were observed in order to indirectly detect clinical manifestations of toxicity such as death, piloerection, slow or fast locomotion in the cage, diarrhea or vaginal bleeding and reduction of food intake. Daily food intake was estimated by weight difference between the pellet chow placed in the morning and what was left the next morning (Khera, 1984, Manson and Kang, 1994) .
EXPERIMENT I -Pre-implantation period
To evaluate the pre-implantation period, in the morning of PID-5, mothers were killed (total exsanguination under anesthesia -death was confirmed by stopped cardiac beat.). Oviducts and uterine cornua were removed. Oviduct was excised and the ovarian and uterine ostia were identified. The later was canulated and washed with saline. The washing was collected into embryonic glass and examined under stereomicroscopy in order to count and to identify the development phase (Forcelledo et al, 1981; Ortiz et al., 1989) : twocell, morula, and blastocyst (early -blastocoel partially formed or latter blastocyst -large and defined blastocoel). Each uterine cornua was cut at the tubal end and above the cervix and then was submitted to the same procedure of washing and examination of the flushing.
EXPERIMENT II -Implantation period
To observe the effect of lapachol during the implantation period, animals were sacrificed on the PID-15 as described above. The reproductive tract was removed. Each ovary was dissected and their gestational corpora lutea were counted (Cummings, 1990) . Uterine cornua were longitudinally incised and embryo and placenta were visualized. The implantation sites were numbered from the left to the right ovarian end. The number of resorptions and of live and dead fetuses was counted. The criteria for determination of live, or dead fetuses were the presence, or absence of blood circulation or cardiac beat, observed under stereomicroscopy (Gleich and Frohberg, 1977) . Each fetus and placenta was removed and the litter was weighed (KaplanKraicer et al., 1995) . The fetuses were examined to observe the face, upper and lower limbs development. The percentage of: pre-implantation embryo loss (LprE = [number of total corpora lutea -number of embryos/number of total corpora lutea] × 100) according to Damasco and Lemônica (1999) ; implantation (implants = embryo numbers plus resorption numbers) (Ford, 1982) , and resorptions (total resorptions/total implants × 100) were calculated. 
Statistical Analysis
RESULTS
No signs of toxicity such as piloerection, diarrhea, vaginal bleeding or alteration of locomotion were observed all experimental groups. Mothers' weights from all experimental groups are expressed in Table 1 . There was no loss of weight during the experiment period. Food intake was similar in all experimental groups, except in the lapachol-treated animals, which had reduced food intake during the treatment but recovered on the day after treatment (results not shown). No embryos were collected in the uterine tube flushings. * (Total blastocysts / total embryos) X 100. ** (Total latter blastocysts / total blastocysts) X 100.
There was no significant difference among the proportion of blastocysts, or the proportion of latter blastocysts among the groups (p>0.05). No alteration of external morphology of the fetuses was observed. The data on reproductive performance in control, vehicle and treated rats are expressed in the table 3. 159.7 ± 3.5 (10) 161.2 ± 3.0 (10) 142.2 ± 6.6(10)** Fetuses weight / litter (mg)* 167.1 ± 5.4 (10) 175.6 ± 2.6 (10) 149.8 ± 1.4(10)** * Expressed as mean and standard deviations (number of rats examined). There was no significant difference among the groups. **p<0.01 in relation to other groups. Khera (1985) correlated the low frequency of fetal malformations to the maternal weight reduction and later defined maternal toxicity as transient, or permanent alterations in the maternal physiology with potential to cause adverse effects in the offspring during the embryo-fetal and post-natal development (Khera, 1987) . Maternal toxicity can be observed through different approaches such as the clinical observation of body weight loss, locomotor alteration, diarrhea, piloerection, food intake reduction and maternal deaths (Khera, 1984; 1987) . In the present work, no clinical signs of maternal toxicity, no loss of body weight and no alteration in food intake were observed, as also was obtained by Guerra et al. (1999 Guerra et al. ( , 2001 . In a previous work (Carmo, 2004) , pregnant rats treated with 100mg of lapachol/kg of body weight showed no significant differences in plasmatic levels of Glutamic Pyruvic Transaminase and urea. Therefore, it can be inferred that lapachol was not toxic to female rats. The female reproductive performance as judged by preimplantation loss (when higher than 10%, could be reproductive failure; Wilson, 1980) and number of corpora lutea seemed to be similar in both experimental groups, hence it was possible to assume that the reproductive performance of both groups were similar.
DISCUSSION
Experiment I. Pre-implantation
During the first days (2 -5) of development, the embryo remained isolated in the oviduct by the occlusion of isthmus-ampular and uterine-tubal junctions. In this region, there were nutrients and specific factors needed for its survival and development until the blastocyst phase, at which time the utero-tubal junction opened for the blastocyst to pass into the uterine cornua (Moore and Croxatto, 1988; Croxatto et al., 1991) . Direct or indirect effects of xenobiotics must cause alterations in the pre-implantation embryo development. With the direct effects, the conceptus is affected and in the indirect one, the oviduct transport can be modified, the synchrony of uterus-embryo is lost and blastocyst implantation is inhibited (Roblero et al., 1987) . It could be assumed that no asynchrony of uterusembryo was observed since the embryos obtained on the fifth day, mostly at the blastocyst stage, were obtained from the uterine cornua and no embryos were observed from the oviduct flushings. The proportion of pre-implantation embryonic loss correlated the number of corpora lutea and the number of embryos (Damasco and Lemônica, 1999) . The difference between corpora lutea and total embryo collected represents the number of pre-implantation loss. As no difference was observed among the groups, it seemed reasonable to say that lapachol did not cause the death of embryos. The blastocyst phase is the end point of the preimplantation embryonic development. The mean number of blastocysts and this proportion in relation to the total pre-implantation embryos were similar in all experimental groups hence, it was assumed that lapachol does not interfere with the factors needed for the embryo growth, or with the evolution of its development. Such data were corroborated with the demonstration that the number of expanded blastocysts was similar in all experimental groups. These observations seemed to suggest that lapachol was not toxic to the preimplantation phase of embryo development. Almeida et al. (1988) treated rats from the 1 st to the 5 th pregnancy day and reported 100% of resorptions when animals were killed on day 21 of pregnancy. The present work did not show morphological alterations, or reduced number of embryos collected, neither a change of the proportion of blastocysts when animals were treated during the first four days of pregnancy (pre-implantation period) with same dose used by the former authors. Meanwhile, a normal morphological appearance was not sufficient to guarantee a healthy embryo and could be compatible with chromosomal alterations that resulted in the death of the embryo after implantation. Also, as observed by Holemans et al. (2003) , alterations in the early embryo might become apparent only in adulthood.
Experiment II. Implantation
The implantation proportion correlates the number of implantation sites and the number of corpora lutea (Kato et al., 1979) . As the corpora lutea resulted of ovulatory follicles that probably released an oocyte, it was possible to assume that the implantation index was an indirect way to observe the number of ovulations that resulted in fertilized oocytes and in implanted blastocysts. As no significant difference was observed among the experimental groups, it seemed reasonable to say that lapachol did not alter the process of blastocyst implantation. After implantation, the embryo was followed by fetal development, or death. The death of an embryo after implantation is observed as a resorption -which is characterized as 'in situ' lyses of embryos or fetuses (Kalter, 1980) . The resorptions proportion correlates the number of resorptions and the total number of implants -as higher the proportion, as greater the number of dead embryos. There was a significantly higher proportion of resorptions in lapachol treated mothers, hence it was possible to assume that lapachol was toxic to the embryos, causing its death after implantation. This toxic effect was confirmed by the lower body weight of fetuses and placentae in lapachol treated mothers. Normal fetal and organs growth and development were determined by a complex interplay between genetic, immunological, endocrinological, nutritional, vascular and environmental influences. A disturbance in one of these factors would disrupt normal growth and development (Chahoud et al., 1999) . It is known that when a toxic agent causes death, or fetal growth delay without causing malformations, it can be related to the fact that it interferes with vital processes such as glycolysis, mitochondria function or membrane integrity (Manson and Wise, 1991) . Lapachol is an antiproliferative agent (Santana et al., 1968; Muller et al., 1999; Dinnen and Ebisuzaki, 1997) . The mechanism of its antimitotic effect is due to mitochondrial oxidation and phosphorylation inhibition (Santana et al., 1968) , antagonism of K vitamin reactions (Dinnen and Ebisuzaki, 1997) , or generation of reactive oxygen species (Muller et al., 1999) . During early organogenesis, the embryo is in a state of relative hypoxia, with predominance of anaerobic glycolysis (Brison and Leese, 1994; Shepard et al., 2000) and mitochondria present lamellated cristae, indicating its maturity by the limb bud stage (Shepard et al., 2000) . Such data leads to doubts regarding the toxic effects related to alterations in mitochondrial function and glycolysis. According to Holemans et al. (2003) and Ergaz et al. (2005) the fetuses body weight reduction could be related with nutrition, maternal metabolism and placental vascularization alterations. Maternal clinical observations (body weight, food and water intake, piloerection, diarrhea and others), as well as plasmatic levels of glutamic pyruvic transaminase as previously demonstrated (Carmo, 2004) were similar between lapachol treated and control rats, which suggested that there were no alterations in maternal nutrition and metabolism. Vascular placental pathology is a significant contributor for reduced growth in the intrauterine life (Ergaz et al., 2005) . Placentae from lapachol treated animals were significantly smaller than those from control and vehicle groups, suggesting some alterations in these organs but as an histopathological analysis was not performed, it was impossible to elucidate the cause of this weight reduction. In conclusion, in the present experimental design, lapachol administration (100mg/kg body weight) seemed not to cause toxic effects to pregnant rats. The number and the morphology of embryos, during oviduct development (pre-implantation period), did not seem to be affected by this drug, but during the implantation period, lapachol was toxic causing the death of embryos and intrauterine growth retardation. 
